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"CONTRALATERAL RELATIONSHIP" BETWEEN THE EARS AND 
THE HALVES OF VISUAL FIELD IN 
THE SENSORY INTERATION 
by 
Kin ya M a r u yam a (:;lul!/fx~) 
( Department of Psychology, Tohoku University, Sendai) 
By means of measurement on "c%-time curve" ( time course on shifting of 
visual sensitivity during the tone stimulation period of 4 sec.), a regularity in inter-
sensory effect could be found between vision and audition (6). In the course of 
the experiments on c%-time curve, it became known by chance that the effect 
of monaural tone stimulation on each ear did not appear uniformly in the whole 
field of vision, but in either right or left half of visual field. The tone to one ear 
acted to the opposite side of visual field. An illumination to the right periphery 
of vision heightened sensitivity only in the left ear. These "contralateral relation-
ship" (right-to-left or left-to-right relationship) of sensory interconnection between 
two sensations must be profitable data to discuss the area in the central nervous 
system where the outcome of interaction is projected. 
The postulate was developed by the following five experimental evidences. 
(I) Experiment 1 : Effect of monaural tone stimulation on the 
right periphery of vision of the left eye 
Problem ; A test was made at first to see whether each monaural tone ex-
erts an equivalent influence on two halves of the visual field or not. c %-time 
curves due to tone of 1000 cps. 80 db to each ear were measured on the test 
patch laid at 20° nasal periphery of vision on the horizontal line of the le£ t eye. 
Procedure: A full information on apparatus and procedure was described in 
the previous paper (1). The apparatus had two characteristics; one was the use of 
a fluorescent white neon tube lamp for light source, the other the use of a polaroid 
of Martens' photometer for control of light fluxes. 
As shown in Fig. 1, the circular test patch having a size of 50' was adjusted 
at 20° nasal periphery of the left eye on the horizontal plane of visual field, and 
the stimulus threshold was measured on the test patch. The tone of 1000 cps, 
80 db was presented monaurally through the dynamic receiver ( type DR-305 made 
by Iwasaki Communication Apparatus Co.) to the right ear or the left. 
After dark adaptation of 30 min., S turned his eye to a red fixation point 
through the window. First of all, 8 or 10 thresholds for the control level i.e. in 
the quiet condition were determined on the test patch having exposure time of 
82 Kinya M a r u y a m a 
280 msec. And then, experiments on the tone condition followed. For the measure-
ment of thereshold, only the descending series of the method of limits was used. 
The descending method was more authentic than the ascending one, because the 
step starts from the brightness with which one can see, so that the position of 
patch at periphery can be correctly recognized. 
A light stimulus was prepared by rotating the polaroid so as to expect S's 
answer of "yes, I can see it". At E's verbal "ready" signal, this light was present-
ed during 280 msec. at a certain time point after tone onset. This time relation 
between the light and the tone was controlled automatically by a time regulator 
provided in the next room. Soon after the termination of the light, the tone was 
stopped and S's verbal notice of "yes" or "no, I can not see it" on the light was 
obtained. If "yes" judgment was reported, the second light was adjusted feebler 
than the former step by rotation of the polaroid and flashed again accompanied 
with the tone. This procedure was repeated successively until a "no" response 
was reported at last. And at that time of reversal in judgment, a value of 
polaroid's angle was recorded. This was a threshold at the certain time point 
during tone stimulation. 5 or 10 light steps were necessary for determination of 
one threshold. In other words, the presentation of the pair of tone and light 
was repeated 5 or 10 times. Time points where the thresholds were determined, 
in the period of tone delivery during 4 sec. were selected as shown in Fig. 2. 
The number of the descendig thresholds was 4 or 
Visual field 10. 
-Left ear 
Tone 1000 cps, 80db 
Test patch 
-Right ear 
Fig. 1. Illustration of ex-
perimental conditions 
in Exp.1. 
Measurements in regard to each time point 
were done in random order. The control level was 
measured frequently before and behind, or even in 
the course of the tone condition watching fluctu-
ation of threshold level. If severe fluctuation had 
occurred in the course of experiment, we were 
obliged to try all measurements again. The number 
of thresholds for the quiet condition, therefore, 
was over 15 to 20. There was a remarkable after-
effect of the tone judging from the experiment on 
sensory conditioning which is not yet published in 
English. Hence, in the control experiment, lest 
the after-effect of tone should influence the thre-
shold, the light was flashed just after the "ready" 
signal. 
Measures of results were denoted by as sign of c %, which is the increase 
or decrease percentage of threshold due to tone in comparison with the threshold 
of quiet condition. Positve value of the c % shows the increase of sensitivity due 
RQ: Threshold of quiet condition 
Rr: Threshold of tone condition 
to tone (facilitating effect), and negative one shows the decrease of sensitivity 
(inhibitory effect). The c % was plotted in ordinate against abscissa of time 
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points during tone presentation where the threshold was determined, and the 
"c%-time curve" was obtained. 
Results; Results of 4 male Ss-students of graduate course in Psychology are 
shown in Fig. 2. By the tone of 1000 cps, 80 db given to the left ear, c % rose 
to the maximum in positive value at the time point of 1 1/2 sec. This course of 
c % shows the facilitating effect of tone and is justly deduced from. the results 
of previous experiment (6). The curves produced by Ss : N, M, 0 and K, in 
Fig. 11 of the previous paper ( 6) were just the same as this paper. 
Against the prominent effect of the left ear on the nasal field, the tone given 
to the right scarcely influenced the same visual field. All four curves of the right 
ear do not produce any noticiable swelling. 
From the results of Fig. 2, it will be concluded that the sensitivity at 20° 
nasal periphery in the visual field of left eye was affected by only the tone 
presented to the ear on the opposite side ( the left ear), but hardly affected by 
the one of ipsilateral side (the right ear). A magnitude of crest in the c %-time 
curve of monaural stimulation was a match for that of binaural stimulation, so 
that it must be assumed that in the case of binaural stimulation either of two 
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Fig. 2. Results of E%-tiroe curve of 4 Ss. 
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(II) Experiment 2 : Influence of monaural tone stimulations on 
the right or left field of vision in the left eye 
Problem : In the Exp. 1, two monaural tones were related only to the nasal 
field of left eye. In this experiment, effects of each monaural stimulation were 
investigated on both sides of visual field in the left eye. 
Procedure: Method and procedure were almost the same as used in Chap. (II) 
of the previous paper (6). The tone: 3000 cps, 80 phon was presented monaurally 
through receiver. The stimulus patch subtended 1° was viewed at 10° right 
(nasal) or left (temporal) periphery from a red fixation point in the visual field of 
left eye, as shown in Fig. 3. For measurement of the threshold the modified con-
Visual field 
Tone : 3000 cps, 80 phon 
Fig. 3. Illustration of 
conditions in Exp. 2. 
stant method was adopted. 
After 30 min. period of dark adaptation, a 
threshold was determined on the light having du-
ration of 1 sec. by means of the method of limits. 
Then, two brightnesses were provided at intervals 
of .JR/R = 1. 5/10 above and below the threshold. 
These three steps of brightness were presented 
disorderly one after another, accompanied with or 
without the tone. 
Experimental conditions were the following six; 
three in regard to the nasal measurement: (1) tone 
to the right ear, (2) tone to the left ear and (3) 
quiet condition, also three for the temporal measure-
ment : (1) tone to the right ear, (2) tone to the 
left ear and (3) quiet condition. For these two classes of nasal and temporal con-
ditions two experimental days were assigned, and Ss were allowed to choose 
their first day. Ss had 10 presentations per a step, thus 30 in three steps and 90 
per one experimental day. 
Measurements began like this: at the signal of the E one of three steps of 
light was flashed for 1 sec. without being superimposed on the tone. S reported it 
as "yes" or "no". Then, After a time interval of 20 sec., the same stimulus was 
flashed again with the tone to the right ear and S's report was recorded. The 
tone was synchronized with the light during 1 sec. For the third time, after the 
equal time interval of 20 sec., the same step was presented with the tone to the 
left ear. Thus the judgments on a light step became complete in relation to the 
three conditions. The same procedures as above were followed over again on 
the rest two of steps and nine judgments were thus obtained. Through 10 repe-
tition of the unit which included nine judgments, all 90 judgments were collected 
per one experimental day. The order of pairing three tone conditions with the 
light steps was left to the discretion of S in each trial on a light step. And the 
order of trial on each step within every units was also at his discretion. Ss were 
permitted to form either of the two judgment categories: "yes" or "no". The 
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experiment did not permit of judgments of "doubtfull", because Ss who judged so 
had to renew the experiment. 
Results were indicated by the measure of D'% and A.Y %. The D'% was the 
percentage of difference between the number of "yes" judgments and that of "no" 
based on total judgments. For example, the D'TL% is shown as follows, 
D'%TL= YTL -NTL x100, 
YTL+ NTL 
where YTL is the number or judgments "yes" among all stimuli accompanied by 
the tone of left ear and NTL is the number of judgments "no". Stochastical tests 
were applied to the D'% between the control level and the tone conditions. The 
A.Y % denoted the final indicator of results. It was the percentage of increase or 
decrease of the "yes" judgments in two tone conditions in comparison with those 
of the quiet condition. In the formula, YTLR : the number of judgments "yes" 
among all stimuli accompanied by the tone of left ear in the experiment of right 
side in the visual field NnR : number of judgments of "no" in the same condition, 
A.YLR% = ( YTLR - YQLR ) x 100 
YnR+NTLR YQLR+NQLR 
YQLR and NQLR : the number of judgments "yes" or "no" in the quiet condition on 
right field, respectively. And hence, four A.Y% (A.YLR%, A.YLL%: tone to the 
left ear, light in the left field, A.YRR%: tone to the right, light in the right, 
A.YRL % : the right, the left) were obtained. In this experiment, the total number 
of judgments was Ynn+NnR=YQLR+NQLR=30. Thus, A.YLR%=1/2(D'tw%-DQLR%), 
and so on. The positive value of the A.Y% shows facilitating effect of tone while 
the negative one shows inhibitory effect. 
Results : Table 1 shows the results of A.Y %- T and K were women out 
Table 1. Results of Exp. 2. 4Y% is the percentage of increase ( +) 
or decrease ( - ) of "yes" judgments in each tone con-
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of 8 Ss composed of students of graduate course in Psychology. According to 
the results of one-tailed t-test of significance on the D'%, which were not con-
cerned here in the paper, the AY LR% of + 12. 7 % and the AY RI; % of + 13.8 
% were significant beyond 1 % level compared with each D'% of quiet con-
ditions (t0 = 3.45, t 0 = 4.36 respectively). The AY % of + 4.9 % and + 2.4 % 
could not pass the significant level. It will be concluded, therefore, that the tone 
of 3000 cps presented to the left ear facilitated the sensitivity only in the right 
periphery of vision, while it scarcely affected the left field. The tone of right 
ear influenced only its contralateral side of vision (the left field), while it hardly 
affected its ipsilateral side ( the right field ). These sensory connections were 
"contralateral" between the ears and two halves of visual field, such as the right 
ear - to - the left side of vision or the left - to - the right, in the intersensory 
facilitation. 
Compared the results of 3000 cps, 80 phon tone with the ones of previous 
paper (6), the facilitating effect has come out just as we had expected. And hence, 
the optimum time duration of 1 sec. was adopted, for the e %-time curve had 
its crest at the time point of 1 sec. 
(III) Experiment 3 : Effect of monaural tone stimulations on the 
right periphery in visual field of the right eye 
Problem : The same problem as Exp. 1 and Exp. 2 was explored in regard 
to the visual field of right eye. 
Procedure: Visual threshold was measured by the same modified constant 
method as Exp. 2 on the test patch having the size of 1 °, which was settled at 
10° temporal periphery (right side) of vision on the horizontal line of right eye 
and flashed during 1 sec. accompanied with or without the tone. As can be seen 
by Fig. 4, the tone of 1000 cps, 80 db was presented monaurally to the left ear or 
the right having duration of 1 sec. synchronized with the light flash. The number 
of judgments for the light stimuli was reduced to half the number in Exp. 2 : 5 for 
one of the three light stimuli, 15 for one of three conditions (tone to the right 
ear, tone to the left and quiet), thus 45 in total. The rest of procedure was 
similar to Exp. 2. 
Results : S, H, Y and K out of 7 Ss were women. The final measures of 
AY% are shown in Table 2. 
From the results of analysis of variance and t-test on the D'% among the 
three conditions, the threshold of the right side was not affected by the tone of 
right ear (AY% = + 18.1%). The contralateral connection of the left ear with 
the right side of vision was also ascertained in the right eye. 
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Table 2. Results of .tY% in Exp. 3. 
~ Conditions I Tone to the I Tone to the 
S~ right ear left ear 
0 0.0 +26.2% 
S 0. 0 +20. 0 
H o.o + 6. 7 
y -6.6 + 6. 7 
K +6. 7 +13.4 
~ 
T -6. 7 +26.6 -Left ear Right ear M +6.6 +26.6 
Tone , 1000 cps, 80 db 
Fig.4. Illustration of Means 
o. 0 +18.1 
("1YRR%) (.tYLR%) 
Exp. 3. 
(IV) Experiment 4 : Effect of monaural tone stimulation to the le£ t 
ear measured in the whole field of vision of the left eye 
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Problem : All results obtained in Exp. 1 ~ 3 were concerned with the visual 
field only in horizontal plane. To spread the facts to the whole field of vision, 
the effect of monaural tone stimulation was measured at the different positions in 
the visual field. 
Procedure: The stimulus patches 50' in visual angle were fixed at ten po· 
sitions on the circumference being 20° in radius distant from the center of vision 
by the left eye. Details of visual angle on eash position from horizontal plane are 
shown in Fig. 5. Two measurements on the foveal vision of the same test patch: 
50' were appended to the Figure. In the foveal vision, the tone of 1000 cps, 80 
db was sent monaurally to the right or left ear and in the peripheral vision to 
the left only. Thus, twelve c%-time curves were produced through the same 
procedure as Exp. 1. S was the writer himself (M). 
Results: Twelve curves are shown in Fig. 5, 
The c%- time curves of 20° periphery had the crest at the time point of 
11/2 sec. after tone onset in the same way as the previous data (6). The 1000· 
cycle tones of left ear brought a strong facilitating effect to all five points in 
the right half of visual field. Meanwhile, the same tone scarcely affected the 
left half as can be seen Fig. 5, where all five curves of the left half field do 
not have a prominent crest at the time point of 1 1/2 sec. It will be concluded, 
therefore, that the contralateral relation between the ears and the halves of visual 
field appears not only at the points of horizontal line in the visual field but also 
uniformly in the whole half divided from a vertical center-line in vision. 
Although the term of "the vertical center-line" in visual field is ambiguous 
now, it my be, nervertheless, what corresponds in the visual field to the boundary• 
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Fig. 5. Results of E%-time curve in Exp. 4. 
line on retina from which two halves of visual nervous flux in the visual pathway 
are divided. 
According to the results, it must be added to the data of Chap. (III-4) m 
the previous study (6) that, in the case of monaural stimulation, the spread of 
effect of tone from center to periphery in the visual field like wave-motion does 
not occur in the whole field of vision, but only within the range of a half of 
field. 
The center of visual field: 50' was influenced equally by both monaural tone 
stimulaitons. 
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(V) Experiment 5 : Effect of visual stimulation on sensitivity 
of each ear. 
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Problem; Whether or not the contralateral relationship is found also in 
the effect of an illumination on the auditory sensitivity, was investigated. 
Procedure: Stimulus threshold on the click generated in receiver by break 
inductionshock of the du Bois-Reymond's inductorium was measured monaurally 
on each ear. The face was turned fixedly on a bowel shaped screen and the left 
eye was flashed from a circular illumination patch subtended 2° in size at the 
right side 20° distant from the center on horizontal line of the visual field. 
Brightness of this white light was 100 mL. and flashing duration was 200 msec. 
At the time point of 100 msec. after light onset, the click was superimposed to 
the ear. This timing was controlled automatically by a time regulator. Intensity 
of the click was varied in proportion to the coil distance. Psychophysical thre-
sholds for the click were determined in terms of coil distance. The method of 
limits was used and the pairs of light and click were presented repetedly. 4 thre-
sholds : 2 in each ascending and descending ones were obtained in regard to each 
condition and a mean for these 4 thresholds was represented. 4 experimental con-
ditions were carried out-light or no-light conditions for the tone to left ear and 
the same for the tone to right ear. 
Results: Measures of results were indicated as increase or decrease percentage 
of threshold by light based on that of no light, Table 3. Results of Exp. 
which was the same representation as c %- The 5. Percentage of increase 
1 f S 1 cl f K cl ( +) or decrease ( - ) of resu ts o 7 s inc u ing 2 women o an 0, threshold by light based 
are shown in Table 3. on that of no light. 
By the flash of light, the sensitivity of left ear 
to the click shows an increase in figures of + 15.3 
%- Nothing of effect, however, could be found 
on the right ear by stochastical tests ( - 0.3 %). 
The right stimulus in the nasal field of left eye, 
therefore, did not influence the threshold of the 
right ear, but only that of the left ear. The facts 
testified that the contralateral relationship between 
vision and audition exists in the direction from 
audition to vision also. 





























On the basis of five series of experiments, it was clarified that the tone 
stimulation to an ear had no uniform effect on the whole area of visual field, 
but only influenced either right or left half of the field. Based on stimulation of 
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one ear, it was always the opposite side of visual field that was influenced by the 
tone. There was "contralateral relationship" between the ears and two halves of 
the visual field. Audition influenced vision in this way and vice versa. 
Kravkov (5) has already pointed out that "Lichtirradiationseffekt" in each 
side of vision on the right eye was heightened even more by a 490-cycle tone 
presented to the contralateral ear than by the one to the ipsilateral ear. The 
Kravkov's products may completely agree with the present deta, except the one 
of foveal vision. In the experiments on forveal vision, he has described that each 
monocular foveal vision was affected more stronger by an ear on the opposite side 
than by the same side. Contrary to his findings, the result of Exp. 4 showed the 
foveal field was influenced equally by both ears. 
As already indicated in the head, the results must ofter a profitable cue for 
estimation of the area in the central nervous system, where the sensory interations 
are caused between vision and audition. According to the evidence of hemianopsia, 
nerves from the retinae are divided into two fluxes. One flux corresp.::mds to the 
right half of visual field and the other to the left. Each flux projects to its own contra-
lateral hemisphere in the calcarine cortex through the visual pathway (3). Then, 
if it is supposed that each ear has a relationship with the nervous system of the 
opposite half in visual field, the results of psychological experiments may coincide 
well with the basis of physiological facts. As the foveal field spread over the two 
nervous fluxes, the effect of monaural tone can come from both ears and the data 
of Exp. 4 met our expectations. This results did not accord with Kravkov (5). 
Through such physiologizing of the data, the area in the visual system where 
the intersensory effect of tone is produced, may be localized at the following 
three parts : the retina, on the way of transmission to the calcarine cortex 
(including the lateral geniculate body and the Corpora quadrigemina etc.) or the 
visual cortex. 
Hereupon, strictly speaking, the interaction may not be caused itself in some 
of these parts, but in other areas of the nervous system (mediators) and their 
outcome of the interaction may be projected to the parts interpolated by some 
projection mechanismus. On the other hand, however, the interaction occurs at 
some of these three parts by direct (not mediated by any one) stimulation from 
the auditory nervous system, and its own progress may come out as psychological 
product. These two possibilities of mechanism will be distinguished. The present 
considerations will not be concerned with the area of the interaction itself or the 
mediation mechanismus, but with the projected area of the outcome of interaction. 
If the product of interaction is reflected to the retina, the centrifugal fiber 
from the center must be supposed. Unfortunately, the function of the fiber is 
not sufficientlly clarified yet (4). Its control to vision, nevertheless, must be very 
feeble. On the basis of this supposition, the parts where the outcome of inter-
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action is projected, are to exist on the way of nervous transm1ss1on to the cortex 
or at the cortex itself. It may be assumed, consequently, that impulses from the 
auditory nervous system directly or indirectly (relayed somewhere) influences on 
some regions of the nervous transmission of vision or some Brodmann's areas m 
the occipital lobe. 
The auditory nervous system does not have the bilateral structures similar to 
that observed on the visual pathways. The areas in each hemisphere of the 
cortex have equivalent functions projected from each cochlea (1). Nevertheless, as 
can be seen in Exp. 5, an ear was influenced by the illumination flashed to defi-
nite half of visual field. There should be, consequently, some structures in 
nervous system which distingish the difference between the tones presented to 
each ear. The schema of interaction in physiological level, therefore, may be 
based on the assumption that the tone stimulated monaurally influences on the 
half of visual nervous system through the nervous mechanism where the tones 
from two cochleas are distinguished from each other, or is influenced by the 
flash presented at the contralateral visual field at such level of nervous mechanism 
of audition. And these connections between two nervous systems may have a 
direct relation or an indirect one of being relayed by some mechanisums in the 
central nervous system. 
Even in the case of monaural stimulation to an ear by the tone with a level 
of 80 db, the other ear is to be stimulated simultaneously by the same tone but 
with a level of 20-30 db which is transmitted by bone conduction through the 
head (2). Accordingly, the weak facilitating effect by the attenuated tone in a 
not directly stimulated ear must appear in even the half of visual field where 
nothing of effect was found by the other directly stimulated ear. As shown in 
the results of Exp. 1 ~ Exp. 4, a feeble facilitating effect seems to occur in the 
non-effective half of the field, but the value can not go over the stochastical 
threshold. This result is valid, however, because the tone of 20-30 db is too mild 
to affect, judging from the previous report on the ef:tect of loudness where 
showed the loudness below 50 db can hardly be effective (6). 
Summary 
To testify the postulate of intersensory "contralateral relationship" between 
vision and audition, five experimental series were carried out. Four out of these 
were concerned with the effect of tone on visual sensitivity and the rest with 
the effect of light on audition. The results showed that the tone delivered to one 
ear influenced the opposite half of visual field and an illumination to the right 
periphery of vision facilitated the sensitivity of left ear. Thus, the right-to-left or 
left-to-right relationship of interconnection between two sensations was ascertained. 
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And some discussion was devoted to the subject as to the areas m the central 
nervous system where the outcome of such interaction is projected. 
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Résumé 
Pour rendre témoignage d'un postula intersensoriel "connexté cotrala térale" 
entre la vision et l'audition, nous avons effectué cinq séries d'expériences con-
cernant, pour les quatre d'entre eux, l'action du son sur la sensibilité visuele, et 
l'action de la lumière sur l'audition pour l'autre. 
Il en résulte que le son pour une oreille exerce une action sur le champ visuel 
opposé et que l'illumination pour la périphérie droite de la vision facilite la 
sensibilité de l'oreille gauche. 
Ainsi, nous avons acquis la certitude de l'interconnexté "droit à gauche" ou 
"gauche à droit" entre les deux sensibilités, et nous pouvon supposé les regions 
du système nerveux central dans lesquelles l'issue de telle action réciproque a été 
projectée. 
Zusammenfassung 
Um das Gesetz der "kontralateralen Verbindung" zwischen dem Gesichtssinn 
und dem Gehorsinn im wechselseitig-sensorischen Wirkung auf zu stellen, wurden 
fünf Versuche durchgeführt. Bei vier unter diesen handelt es sich um die Ton-
Wirkung auf die Gesichtssensitivitat und bei dem letzten Versuche um die Beeinfluss-
ung der Gehorsempfindlichkeit durch Beleuchtung. 
Aus den Resultaten ging hervor, dass der monaurale gereizte Ton einem 0hr 
gegenüber nur auf die Empfindlichkeit der gegensetigen Halfte vom Sehfelde, aber 
nicht auf die der homolateralen Halfte die Wirkung ausübte, und dass Beleuchtung 
zur rechten Peripherie im Sehfelde besonders auf das linke 0hr wirkte. 
Daher wurde die Beziehungheit von rechts nach links und von links nach 
rechts im wechselseitigen Wirkung zwischen dem Gesichtssinn und dem Gehorsinn 
bestatigt. V erbindung zwischen den optischen und akustischen Erregungen im 
zentrale Nervensystem kam auch in Betracht. 
